Germanium and its derivatives present important applications in numerous industrial fields :electronics (semiconductors) , infrared optics, glasses, optical fibers, ceramics, polymers, and catalysts. The biological activities are notable in the fields of fungicides, bactericides, antitumor agents, psychotropic agents as well as in radioprotective activity.
Numerous synthetic methods allow the preparation of a wide range of germanium derivatives containing a germanium atom bound to a metal or to a non-metal atom, such as: Ge-H, Ge-O, Ge-S, Ge-Se, Ge-Te, Ge-N, Ge-P, Ge-As, Ge-Sb, Ge-Bi and Ge-M (M = Li, Na, K, Sr, Ba, Al, Hg, Ge, Sn, Pb, etc.) /I, 21.
Considerable efforts have recently been devoted to the study of low coordinances, namely, the germylenes, the divalent germanium derivatives which are the organometallic analogues of carbenes, and the germanium doubly bonded species /4-7/.
For instance, the >Ge=C< species can be obtained as shown below:
Triply bonded -Ge=C-derivatives have not been isolated up to now. However, they have recently been identified from the resonance forms germylene-carbene «-» germyne:
and characterized by the addition of two alcohol molecules (8):
All these unsaturated molecules are hyper-reactive and lead to significant applications in various fields:
organometallic synthesis, polymers and new materials (ceramics, conductors, semiconductors, liquid crystals, etc.) /2, 9, 10/.
INDUSTRIAL APPLICATIONS
Germanium has numerous applications in the electronic domain (semiconductors, transistors).
Germanium is often supplanted by silicon which is cheaper. However, it has been shown that silicon micro chips exhibit an increase in their frequency by doping with germanium (from 1.8 to 20 GHz) /9/.
Monocrystalline germanium is utilized in infrared optics (metallic lens) but also for infrared detection devices. Germanium is used for aeronautic and space applications (special alloys).
Ge() 2 is a component of special glasses displaying high refractive indexes and low dispersion coefficients, and is also involved in the manufacturing of optical fibers. Ge0 2 is also used as a catalyst in transesterification reactions and ethylene polycondensation. Finally, Ge0 2 enters the composition of ceramics with potassium or tantalum oxides, such as K 2 0 and Ta 2 0 5 .
GeH 4 is commonly used as a precursor for the production of semiconducting thin films by using the chemical vapor deposition process. Pure germanium thin films thus obtained have numerous applications, such as solar energy converters or photovoltaic cells 121.
Alkylgermanium hybrides with titanium, vanadium, chromium or molybdenum halides as co-catalysts are superior to the Ziegler-Natta catalysts in the polymerisation of olefines III.
The germylenes react with p-benzoquinones leading to polymers in excellent yields /10/. For example, the reaction with the p-benzoquinone is shown below:
Organometallic polymers with unsaturated germanium (germylene Ge" structure, e.g., germanium derivatives of thiophene or N-methylpyrrole) have shown interesting semiconducting properties. 
BIOLOGICAL APPLICATIONS
Germanium has been detected in a few plants or fruits, such as ginseng, litchi or garlic (at a concentration ranging from 800 to 2000 ppm).
A few organic germanium derivatives have been tested in anticancer protocols. These studies are mainly led by the Asa'i Research Institute in Japan. For example, the sesquioxide of 2-carboxyethylgermanium Ge(CH 2 CH:C00H)20j has been tested. A few derivatives with similar structures have also been studied as antitumor reagents but also as antibacterial agents (see Scheme 1) /10/. 
Scheme 1
The porphyrine dimethylgermanium complexes have shown an anticancer activity for rats and mice (see scheme 2) (10).
Moreover, spirogermane is an active compound against prostate cancer (see Scheme 3) /10/.
Rijkens and Van der Kerk /3/ have studied the biological activity of trialkyl germanium on fungi, yeasts and bacteria. Some organogermanium compounds present a rather strong activity against streptococcus lactis.
Recently, Me.^GeCfTCfTNHCHiPh has shown a high antibacteria activity with a large spectrum /10/.
The organogermanium sesquisulfur has also an excellent antibacterial activity (see Scheme 4) 121.
Scheme 4
The germatranes and trithiagermatranes exhibit psychotropic and antitumor activities (see Scheme 5) 111.
Scheme 5
Germathiolactones are active as biological antioxydants (see Scheme 6) 121.
,1 R 1 , R 2 , R 3 = H, alkyl group
Scheme 6
(EtiGe) 2 S is an extremely strong l'ungicide. Its efficiency is multiplied by three compared to the best marketed fungicides.
In the valium molecule, substitution of the methyl group connected to the nitrogen atom by a trimethylgermyl group leads to a non-toxic organogermylated valium whose psycholeptic activity is higher than for valium (see Scheme 7).
Scheme 7
Numerous 
Scheme 8
These organometallic derivatives usually have a lower toxicity and a radioprotective activity greater than that for the corresponding organic derivatives, namely, cysteamine, methylcysteamine and N-substituted cysteamine.
We have to emphasize that, in some cases, this great radioprotective activity was obtained with organogermylated derivatives injected in lower doses than those used for the corresponding organic compounds. The radioprotective activity of organogermylated derivatives seems due to the presence of organometallic groups which improved the hydrosolubility, and to the presence of organic ligands which increases the liposolubility, thereby favouring their transfer through the cellular membranes/11, 12/.
In conclusion, we focus on the important applications of germanium and its organic and mineral derivatives used in numerous industrial and biological domains.
